Introduction
============

Myoma uteri is a common gynecologic disease that occurs in 50--60% of women in their reproductive age \[[@B1]\]. Myomectomy is one of the essential surgical therapeutic options for this disease. Laparo-endoscopic myomectomy has been shown to significantly improve surgical outcomes compared to laparotomy in terms of blood loss, postoperative complications, and recovery period \[[@B2][@B3]\]. Moreover, with the increasing demand of young women for reduced surgical scars, the demand for laparo-endoscopic single-site (LESS) myomectomy has also increased \[[@B4][@B5]\]. However, LESS surgery has not been familiar with the surgical armature in gynecology, as it requires manipulation of three articulating instruments through just one access port and has a lack of triangulation, instrument crowding, a need for special instruments, and poor ergonomics \[[@B6][@B7][@B8][@B9]\].

The da Vinci^®^ system (Intuitive Surgical, Inc., Sunnyvale, CA, USA) made overcoming technical difficulties associated with laparo-endoscopic myomectomy possible. The system provides a stable three-dimensional vision, instruments with a wrist function, tremor elimination, greater precision in dissection, easier knot-and-tying, and favorable ergonomics \[[@B10][@B11]\]. Recently, robotic single-site surgery has already been used in various gynecologic fields, including in myomectomy \[[@B10][@B11][@B12][@B13]\]. However, it also has some limitations, such as an unfamiliar docking process, unarticulated semirigid instruments, and lack of monopolar scissors. Therefore, myomectomy has preferably been performed with multi-site system rather than with single-site system until now, even in robotic surgery.

To confirm the feasibility of robotic single-site myomectomy (RSSM) for various myoma indications, we evaluated the clinical characteristics and surgical outcomes of consecutive women who underwent RSSM and robotic multi-site myomectomy (RMSM) since our institution had adopted the da Vinci^®^ Si system.

Materials and methods
=====================

1. Patients {#sec1}
-----------

A total of 355 women who underwent robot-assisted laparoscopic myomectomy between September 2015 and February 2018 were included. Medical records of all included women were retrospectively reviewed. Collected data included age, body mass index (BMI), marital status, parity, and previous abdominal surgeries. Patients also underwent preoperative evaluations including laboratory testing to check the hemoglobin level. The decision to operate was based on the mutual agreement between the patient and surgeon after the assessment and appropriate counseling upon the initial clinic visit.

2. Surgical procedures {#sec2}
----------------------

The operation was performed by six gynecologic surgeons experienced in laparo-endoscopic surgery. All patients were placed in lithotomy position under general endotracheal anesthesia; then, a urethral Foley catheter was inserted and a uterine manipulator (CooperSurgical Inc., Trumbull, CT, USA) was placed.

### 1) Robotic multi-sites myomectomy

After creating a pneumoperitoneum using a Veress needle inserted at the umbilicus, four trocars were placed: a 12-mm trocar for the camera port was placed either at or above the umbilicus, two lateral trocars of 8 mm each were placed at the lower quadrant of the abdomen 2--3 cm below the umbilical level, and the fourth 5-mm assistant trocar was placed at mid-distance between the umbilicus and the left robotic arm. The fourth 5-mm trocar for the assist port was placed 4 cm vertically higher from the median point between the right lower quadrant port and the camera port. A surgical cart with 3 robotic arms was placed and vertically docked. The bedside assistant surgeon introduced the suction-irrigation instruments and suture materials through the assist port.

After inspecting the surgical field, using an aspiration needle through an assist port, a diluted solution of vasopressin with a 0.25 U/mL concentration was injected into the serosa and myometrium surrounding the myoma to achieve hemostasis. At beginning, a monopolar curved scissor was held in the right arm, and a fenestrated-bipolar forceps was held in the left arm. Myoma resection was performed with scissors in one robotic arm and a tenaculum in the other. Continuous suturing was performed with 1-0 V-Loc™ (Covidien, Dublin, Ireland) to repair the myometrium using a wristed needle holder in one robotic arm and a fenestrated bipolar forceps in the other. The suturing for defective uterine wall was individually performed depending on the location and size of the myoma and the presence of endometrium injury. The uterine wall in women with a future pregnancy plan was usually repaired by suturing of 2 or more layers.

Both robotic arms were undocked, and the 12-mm camera port was then replaced with an electric power morcellator to remove the resected myomas, and the camera was replaced with a smaller one (5 mm in diameter) introduced through the assist port. Morcellation was usually conducted without bag under a conventional laparoscopy, and then the pelvis and abdomen were irrigated. The fascia was sutured at the three port sites that were used for the robotic arms and camera, and the skin in all four port sites was sutured.

### 2) Robotic single-site myomectomy

A vertical 2.3--2.5 cm transumbilical skin incision was made, and the fascia layer was opened. The da Vinci^®^ single-site^®^ surgical platform of silicon was inserted using long Kelly forceps and an Army-Navy retractor. The 30° 8.5-mm da Vinci stereo laparoscope connected to the robotic system camera was inserted to check the atraumatic placement of its primary port. Then, the camera was removed, and the robotic system was positioned centrally between the patient\'s legs and docked at the camera port. Two 5-mm curved cannulae were inserted into the docked robotic arms, and dedicated semirigid instruments were loaded under careful stereo-laparoscopic guidance. Flexible robotic instruments, such as a monopolar hook and fenestrated bipolar forceps, were mounted through curved cannulas, and the robotic system provided a switching motion between the right- and left-hand orientations. To repair the uterine wall after myoma resection, continuous suturing was performed with 1-0 V-Loc™ using a needle holder in one robotic arm and a fenestrated bipolar forceps in the other. The repair was similar to that performed in RSSM.

In RSSM, the extracted myomas were put into an Endopouch^®^ specimen retrieval bag (Ethicon, Johnson & Johnson, New Brunswick, NJ, USA). The specimen in the Endopouch^®^ was chopped by scalpel and removed from the peritoneal cavity through the umbilical incision site. Then, the single-site port was reinserted, and three reusable straight trocars were placed to assess the pelvic cavity and irrigate the peritoneal cavity. The fascia and subcutaneous layers were approximated with 1-0 Vicryl sutures (Ethicon).

Patients received appropriate parenteral fluid and antibiotic administration in the operation day. At first postoperative day, progressive dietary and surgical wound care were provided. Patients were usually discharged at postoperative day 3 in absence of any suspected complication. Outpatient follow-up was usually scheduled at 1 week after discharge.

3. Data characteristics {#sec3}
-----------------------

Data pertaining to intraoperative findings, such as peritoneal adhesion, concurrent procedure, total number of retrieved myomas, location and type of the largest myoma, and tumor weight in the retrieved myomas, were collected. Surgical outcomes, including port placement time, docking time, console time, morcellation time, incision repair time, total operation time, estimated blood loss, hemoglobin level decrement, transfusion, hospital stay duration, and postoperative complications, were also evaluated. Docking time was the time taken to position the robot and securely install the robotic arms at the port sites. Console time was the time spent by the surgeon at the robotic console to perform the operation. Total operation time was the time from the first skin incision to the last port site skin closure. Ileus was defined as diffuse abdominal discomfort with signs of trapped gas on plain abdomen X-ray. Fever was defined as a persistent temperature \>37.3°C more than 3 days after surgery. Wound dehiscence was defined as the failure of a surgical wound to close properly.

4. Statistical analysis {#sec4}
-----------------------

Student\'s *t*-test was used for continuous variables, and χ^2^ test was used for categorical variables. Mann-Whitney *U* test and Fisher\'s exact test were used for non-parametric statistics. To evaluate the surgical outcomes with minimized selection bias, 1:1 (nearest) propensity score matching was performed for the total myoma number, largest myoma size, and tumor weight between RSSM and RMSM groups. Analyses were conducted using SPSS version 24.0 (IBM Inc., Armonk, NY, USA), and *P*-values \<0.05 were considered statistically significant.

Results
=======

1. Baseline characteristics and intraoperative findings {#sec1___1}
-------------------------------------------------------

Among the total of 355 women with single or multiple myomas who needed surgical treatment, 105 (29.6%) and 250 (70.4%) women received RSSM and RMSM, respectively. There were 3 cases with multi-port conversion and 1 case with laparo-endoscopy conversion during surgery in RSSM group. All conversion to multi-port and laparo-endoscopy were related to technical difficulty. There was no open conversion case in both groups ([Fig. 1](#F1){ref-type="fig"}).
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Baseline characteristics of patients from RSSM and RMSM groups are presented in [Table 1](#T1){ref-type="table"}. The mean age at surgery was not different between the women from RSSM and RMSM groups (36.7±6.3 vs. 37.6±5.4 years, *P*=0.145). Only the mean BMI (22.5±3.2 vs. 21.6±3.2 kg/m^2^, *P*=0.014) was higher in women that underwent RMSM, while the proportions of unmarried (48.6% vs. 40.4%, *P*=0.156) and nulliparous (73.3% vs. 79.6%, *P*=0.195) women were similar between the two groups. Moreover, the proportions of women who previously underwent other abdominal surgeries were also similar between the groups (18.1% vs. 14.0%, *P*=0.327). Peritoneal adhesion (24.8% vs. 7.6%, *P*\<0.001) was more frequently found in women from RMSM group than in those from RSSM group. The mean number of retrieved myomas was higher in women that underwent RMSM (4.6±4.1 vs. 2.6±2.3, *P*\<0.001). In addition, the average dimensions of largest myomas were 6.3±1.7 cm and 7.7±2.5 cm in RSSM and RMSM groups, respectively (*P*\<0.001). The location (*P*=0.481) and type (*P*=0.836) of the largest myoma were not different between the two groups. The estimated weight of retrieved myomas was greater in RMSM group than in RSSM group (250.8±208.1 vs. 114.9±83.9 g, *P*\<0.001). Concurrent ovarian surgery rate was not different between the groups (11.4% vs. 10.0%, *P*=0.688).

###### Baseline characteristics in women who received robotic single-site and multi-site myomectomy

![](ogs-62-56-i001)

  Characteristics              RSSM (n=105)   RMSM (n=250)              *P*-value                  
  ---------------------------- -------------- ------------------------- ------------- ------------ --
  Age (yr)                     36.7±6.3       37.6±5.4                  0.145                      
  BMI (kg/m^2^)                21.6±3.2       22.5±3.2                  0.014                      
  Married                                                               0.156                      
                               No             51 (48.6)                 101 (40.4)                 
                               Yes            54 (51.4)                 149 (59.6)                 
  Nullipara                                                             0.195                      
                               No             28 (26.7)                 51 (20.4)                  
                               Yes            77 (73.3)                 199 (79.6)                 
  Previous abdominal surgery                                            0.327                      
                               No             86 (81.9)                 215 (86.0)                 
                               Yes            19 (18.1)                 35 (14.0)                  
  Peritoneal adhesion                                                   \<0.001                    
                               No             97 (92.4)                 188 (75.2)                 
                               Yes            8 (7.6)                   62 (24.8)                  
  Total myoma (No.)            2.6±2.3        4.6±4.1                   \<0.001                    
  The largest myoma                                                                                
                               Size (cm)      6.3±1.7                   7.7±2.5       \<0.001      
                               Location                                               0.481        
                                              Anterior                  44 (41.9)     105 (42.0)   
                                              Anterior fundus           2 (1.9)       4 (1.6)      
                                              Fundus                    14 (13.3)     37 (14.8)    
                                              Posterior fundus          2 (1.9)       7 (2.8)      
                                              Posterior                 43 (41.0)     97 (38.8)    
                               Type                                                   0.836        
                                              Submucosal                4 (3.8)       5 (2.0)      
                                              Deep intramural           53 (50.5)     114 (45.6)   
                                              Intramural                24 (22.9)     70 (28.0)    
                                              Subserosal                17 (16.2)     52 (20.8)    
                                              Pedunculated subserosal   2 (1.9)       2 (0.8)      
                                              Intraligamentary          5 (4.8)       7 (2.8)      
  Tumor weight (g)             114.9±83.9     250.8±208.1               \<0.001                    
  Concurrent ovarian surgery                                            0.688                      
                               No             93 (88.6)                 225 (90.0)                 
                               Yes            12 (11.4)                 25 (10.0)                  
  Laparoscopy conversion                                                0.296                      
                               No             104 (99.0)                250 (100.0)                
                               Yes            1 (1.0)                   0                          
  Multi-site conversion                                                 \-                         
                               No             102 (97.1)                \-                         
                               Yes            3 (2.9)                   \-                         
  Open conversion                                                       \-                         
                               No             105 (100.0)               250 (100.0)                
                               Yes            0                         0                          

Values are presented as number (%), median (range) or mean±standard deviations.

RSSM, robotic single-site myomectomy; RMSM, robotic multi-site myomectomy; BMI, body mass index.

2. Surgical outcomes and morbidity {#sec2___1}
----------------------------------

To compare the surgical outcomes with minimized selection bias, we performed the 1:1 (nearest) propensity score matching for total retrieved myoma number, largest myoma size, and total tumor weight. [Table 2](#T2){ref-type="table"} shows the matched parameters between the RSSM and RMSM groups. After propensity matching, the total myoma number (2.6±2.3 vs. 2.7±2.2, *P*=0.671), the largest myoma size (6.3±1.7 vs. 6.6±2.0 cm, *P*=0.143), and the total tumor weight (114.9±83.9 vs. 133.7±82.6 g, *P*=0.510) were not significantly different between the 2 groups.

###### Baseline characteristics in the analyzed population after 1:1 propensity score matching
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  Characteristics              RSSM (n=105)   RMSM (n=105)              *P*-value               
  ---------------------------- -------------- ------------------------- ----------- ----------- --
  Age (yr)                     36.7±6.3       37.2±5.6                  0.533                   
  BMI (kg/m^2^)                21.6±3.2       22.0±2.8                  0.242                   
  Married                                                               0.007                   
                               No             51 (48.6)                 32 (30.5)               
                               Yes            54 (51.4)                 73 (69.5)               
  Nullipara                                                             0.522                   
                               No             28 (26.7)                 24 (22.9)               
                               Yes            77 (73.3)                 81 (77.1)               
  Previous abdominal surgery                                            0.714                   
                               No             86 (81.9)                 88 (83.8)               
                               Yes            19 (18.1)                 17 (16.2)               
  Peritoneal adhesion                                                   0.001                   
                               No             97 (92.4)                 79 (75.2)               
                               Yes            8 (7.6)                   26 (24.8)               
  Total myoma (No.)            2.6±2.3        2.7±2.2                   0.671                   
  The largest myoma                                                                             
                               Size (cm)      6.3±1.7                   6.6±2.0     0.143       
                               Location                                             0.888       
                                              Anterior                  44 (41.9)   47 (44.8)   
                                              Anterior fundus           2 (1.9)     2 (1.9)     
                                              Fundus                    14 (13.3)   10 (7.5)    
                                              Posterior fundus          2 (1.9)     3 (2.9)     
                                              Posterior                 43 (41.0)   43 (41.0)   
                               Type                                                 0.699       
                                              Submucosal                4 (3.8)     4 (3.8)     
                                              Deep intramural           53 (50.5)   55 (52.4)   
                                              Intramural                24 (22.9)   25 (23.8)   
                                              Subserosal                17 (16.2)   19 (18.1)   
                                              Pedunculated subserosal   2 (1.9)     1 (1.0)     
                                              Intraligamentary          5 (4.8)     1 (1.0)     
  Tumor weight (g)             114.9±83.9     133.7±82.6                0.510                   
  Concurrent ovarian surgery                                            0.347                   
                               No             93 (88.6)                 97 (92.4)               
                               Yes            12 (11.4)                 8 (7.6)                 

Values are presented as number (%), median (range) or mean±standard deviations.

RSSM, robotic single-site myomectomy; RMSM, robotic multi-sites myomectomy; BMI, body mass index.

[Table 3](#T3){ref-type="table"} shows the surgical outcomes of RSSM and RMSM after propensity score matching. Docking time was significantly longer in RSSM than in RMSM (5.1±3.6 vs. 3.8±2.9 minutes, *P*=0.005). However, the total operation time was similar between the 2 groups (145.9±53.7 vs. 147.3±16.1 minutes, *P*=0.856). Intraoperative blood loss (210.1±1.1 vs. 213.9±1.1 mL, *P*=0.869) was not different between the 2 groups; however, hemoglobin level decrement (1.4±0.1 vs. 1.8±1.1 g/dL, *P*=0.009) was lower in women who underwent RSSM than in those who underwent RMSM. Although not statistically significant, blood transfusion rate was higher in women from RMSM group (4.8% vs. 0%, *P*=0.212). On the contrary, the duration of hospital stay was longer after RSSM than after RMSM (4.7±1.0 vs. 4.4±1.3 days, *P*\<0.001). No surgical complication was observed in RSSM in this study, while one ileus and 2 febrile complications in women occurred after RMSM (0% vs. 2.9%, *P*=0.246).

###### Surgical outcomes and morbidity in the analyzed population after 1:1 propensity score matching
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  Characteristics               RSSM (n=105)                                        RMSM (n=105)   *P*-value    
  ----------------------------- --------------------------------------------------- -------------- ------------ -------
  Operation-related time                                                                                        
                                Port placement time (min)                           8.8±5.8        8.1±5.0      0.342
                                Docking time (min)                                  5.1±3.6        3.8±2.9      0.005
                                Console time (min)                                  91.5±42.6      85.5±45.0    0.328
                                Morcellation plus skin incision repair time (min)   41.3±23.3      47.4±16.1    0.071
                                Total operation time (min)                          145.9±53.7     147.3±16.1   0.856
  Estimated blood loss (mL)     210.1±1.1                                           213.9±1.1      0.869        
  Hemoglobin decrement (g/dL)   1.4±0.1                                             1.8±1.1        0.009        
  Transfusion                                                                                      0.212        
                                No                                                  104 (99.0)     100 (95.2)   
                                Yes                                                 1 (1.0)        5 (4.8)      
  Hospital stay (day)           4.7±1.0                                             4.4±1.3        0.023        
  Complications                                                                                    0.246        
                                None                                                105 (100.0)    102 (97.1)   
                                Reoperation within 1 wk                             0              0            
                                Ileus                                               0              1 (1.0)      
                                Fever \>3 day                                       0              2 (1.9)      
                                Wound dehiscence                                    0              0            

Values are presented as number (%), median (range) or mean±standard deviations.

RSSM, robotic single-site myomectomy; RMSM, robotic multi-sites myomectomy.

Discussion
==========

During the study period, we conducted 355 consecutive robotic myomectomies including 105 (29.6%) RSSMs and 250 (70.4%) RMSMs. Among the women with RSSM, conversion to laparo-endoscopic surgery was necessary in one case due to severe pelvic adhesion. In addition, change to multi-site system during surgery was necessary in 3 cases due to surgeons\' technical difficulty. After surgery, no operation-related complication was detected in women who underwent RSSM in this study. This complication rate is consistent with those of previous studies \[[@B14][@B15][@B16]\].

Advincula et al. \[[@B17]\] first described RMSM in 2004. In this case series of 35 patients, the mean operation time and the estimated blood loss were 230.8±83 minutes and 169±198.7 mL, respectively. The conversion rate to laparotomy was 3/35 (8.6%). Subsequently, a meta-analysis clearly showed the lack of significant differences in terms of estimated blood loss, operation time, postoperative complications, and conversion rate between RMSM and LEMS myomectomy \[[@B18]\]. However, no clinical advantage of RMSM over LEMS myomectomy could be demonstrated. The authors also suggested that the comparison between RMSM and LEMS myomectomy is difficult due to heterogeneity of the disease, and that a robotic approach may be preferred in more complicated cases. Long-term outcomes, such as pain-relief, recurrence rate, and fertility need to be further clarified. Pitter et al. \[[@B19]\] reported pregnancy outcome in 107 women who conceived following RMSM: a total of 92/127 deliveries/pregnancies with vaginal delivery, less than 5% complications, and one uterine rupture. There is no report regarding pregnancy outcomes after RSSM until now. Because the single-site system may be vulnerable to knot-and-tying technique, especially in deep intramural, multiple, or large myoma, surgeons should inform women scheduled to RSSM about the potential disadvantages in respect to pregnancy outcomes.

Many surgeons, even experienced, admitted that the greatest challenge for LESS surgery is suturing. Robotic single-site system has been considered to be helpful for suture-intensive procedures such as myomectomy \[[@B12][@B20]\]. Gargiulo et al. \[[@B14]\] and Lewis et al. \[[@B15]\] first reported the results of RSSM using the da Vinci^®^ system in 2015; then, they consecutively published a step-by-step tutorial on their technique and the outcomes of their first series of 10 women, and found RSSM to be a feasible and reproducible surgery. Choi et al. \[[@B16]\] reported a series of 61 women that underwent RSSM and suggested that the procedure was feasible and safe even in a large, multiple, or intramural myomas. No operation-related complications occurred, and no cases of added ports or conversion to laparotomy were reported. Although reports containing institutional tutorials or small-sized initial experiences are increasing, to the best of our knowledge, no studies comparing RSSM and RMSM have been published yet.

As a result of its retrospective nature, this study has some limitations. First, even though this was a large-scale population study, complete elimination of the surgeons\' effect was not possible. All surgeons in this study were already experts in laparoscopic surgery with considerable experience; however, the total number for cases for each surgeon slightly varied. Second, the selection bias for surgical methods could affect the surgical outcomes. Because of the surgeons\' tendency to choose "less complicated" surgical cases for RSSM, the surgical outcomes of RMSM seem to be much inferior to those of RSSM in this study.

Many surgeons still prefer RMSM in women with multiple large myomas. However, our results showed that RSSM also seems to be a feasible surgical method for women with smaller and less complicated myomas, and that this approach is associated with minimal surgical morbidity. Further studies are required to determine whether a robotic platform provides beneficial effects on fertility outcomes and which patient can be a proper candidate for robotic surgery. Technical stability in single-site system is a persisting problem that we must solve.
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